The SECCHI HI2 white-light imagers on the STEREO A and B spacecraft show systematically different proper motions of material moving outward from the Sun in front of high-speed solar wind streams from coronal holes. As a group of ejections enters the eastern (A) field of view, the elements at the rear of the group appear to overrun the elements at the front. (This is a projection effect and does not mean that the different elements actually merge.) The opposite is true in the western (B) field; the elements at the front of the group appear to run away from the elements at the rear. Elongation/time maps show this effect as a characteristic grouping of the tracks of motion into convergent patterns in the east and divergent patterns in the west, consistent with ejections from a single longitude on the rotating Sun. Evidently, we are observing segments of the "garden-hose" spiral made visible when fast wind from a low-latitude coronal hole compresses blobs of streamer material being shed at the leading edge of the hole.
INTRODUCTION
The Solar Terrestrial Relations Observatory (STEREO) spacecraft, A and B, contain a suite of Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI) instruments (Howard et al. 2008) , which include the offpointing Heliospheric Imagers, HI1 and HI2. HI1 is pointed 13.2Њ away from the Sun and shows a 20Њ field centered near the ecliptic. HI2 is pointed about 53.4Њ from the Sun and shows a 70Њ field also centered near the ecliptic.
In a previous paper (Sheeley et al. 2008) , we described HI2B observations of wave fronts of enhanced density passing Earth at the time that in situ detectors showed the arrival of compression regions in front of high-speed solar wind streams. The virtually perfect association during the summer and fall of 2007 led us to conclude that these HI2B waves were density enhancements in front of high-speed streams from coronal holes.
In this second paper, we describe a systematic difference between the HI2A and HI2B images at times that low-latitude coronal holes are present. Each time a coronal hole moved east to west across the disk, a burst of features became visible, first in the eastern field of HI2A and several days later in the western field of HI2B. In HI2A, the features showed a congestive motion, in which the trailing elements overtook the leading elements as seen along the line of sight. In HI2B, the features showed a dispersive motion, in which the leading elements appeared to be running away from the trailing ones. In this Letter, we present observations and calculations suggesting that this east/west asymmetry is a perspective effect that is caused by material continually being shed from a fixed longitude on the rotating Sun and moved radially outward at roughly constant speed to form visible segments of the Sun's garden-hose density spiral. Figure 1 shows the locations of the A and B spacecraft, relative to the Earth-Sun line in September 2007, and the corresponding fields of view of the HI2 imagers. On September 20, A was ∼4% closer to the Sun and drifting ∼17.5Њ west of Earth. B was ∼7% farther away and drifting ∼14.7Њ east of Earth. The HI2A imager has an eastern view (UAV), about 20Њ-90Њ from the A-Sun line, and the HI2B imager has a corresponding western view (PBQ). In this configuration, HI2B was able to observe ejections sweeping past Earth, and HI2A was able to observe ejections as they approached Earth. Figure 2 shows HI2A (left) and HI2B (right) difference images obtained on September 15 and 20, respectively, when groups of ejections were beginning to move through their fields of view. We used difference images to remove stars, which mask the fainter solar material. Nevertheless, the Milky Way is still visible toward the left side of the HI2A image. Likewise, Venus (left) and Earth (right) and their vertical streaks of CCD detector bleeding are visible in the HI2B image. Eventually, Earth will move under the trapezoidal occulter at the right edge of the HI2B field, where it is already located at the left edge of the HI2A field of view. In the HI2A and HI2B running difference images, each ejection shows the leading-white/trailing-black signature of a density enhancement moving outward from the Sun.
OBSERVATIONS
In the HI2B image, a large, curved wave is faintly visible between Venus and Earth. Time-lapse images show that this wave was running away from the smaller waves behind it, which themselves were separating with time. In the HI2A image, the waves show the opposite behavior, with trailing members of the group moving past the leaders. A large HI2A wave Time-lapse movies of such images show that the leading members of the eastern group are overrun by trailing members that are probably closer to the A spacecraft. Conversely, the leading members of the western group appear to run away from the trailing members that are probably farther from the B spacecraft. In the HI2B image, the leader is faintly visible as a large wave between Venus and the Earth. Its HI2A counterpart (not shown here) rapidly moved from the rear of the eastern group and swept across the field on September 20. In the HI2B image, the dark area to the right of Venus is an artifact of the image processing. came from the rear of the group and swept across the field on September 20. It was probably the same wave seen in the HI2B field on that day. from Earth, R , and near-Earth magnetic field measurements from the OMNI2 database during September 17-October 1. During this time, there were two recurrent solar wind streams (V) with accompanying compressions of density (N) and magnetic field (B). The first stream occurred in a negative magnetic sector (F ∼ ), and the second stream occurred in a positive sector 315Њ ( ), consistent with their origins in the observed neg-F ∼ 135Њ ative-polarity and positive-polarity coronal holes that are shown later in Figure 6 . V th refers to the thermal speed, which tends to increase suddenly when the density drops, marking the stream interface between the hot, low-density material from the coronal hole and the colder, denser material in the region ahead of the hole. In these plots, the dashed lines indicate the times that the density reached its highest values on September 20 and 27.
The top and middle panels show elongation/time maps obtained from HI2A and HI2B running difference images, respectively. These maps show intensity differences along a particular direction (97Њ and 257Њ measured counterclockwise from solar north in the top and middle panels) as a function of time in days (horizontal axis) and elongation angle in degrees (vertical axis). The HI2B map, whose time axis matches that of the in situ measurements, shows tracks curving steeply upward and arriving at Earth (just beyond 65Њ) at the times of the dashed lines on September 20 and 27. (The arrival of the track on September 27 is partially masked by our field-flattening process, which produced a darkened area below 42Њ and a lightened area above 42Њ, similar to those on September 24 when the The labels indicate the sky-plane angles (in degrees) at which the ejections are released, increasing from the east limb to the central meridian and then decreasing again toward the west limb. The five eastern tracks form a converging pattern similar to those in the top panel of Fig. 3 , and the five western tracks form a diverging pattern similar to those in the middle panel of Fig. 3 . to days 11-13). Their locations out of the observer's sky plane (perpendicular to OS) are indicated by the angles (in degrees) around the perimeter of the outer spiral. A radial speed of ∼440 km s Ϫ1 was chosen to make the spiral angle 45Њ at 1 AU. We suppose that the observer (O) is located 1 AU from the Sun and has two heliospheric views, one defined by the bold angle to the east and the other to the west. In the eastern view, the early ejections enter the field first but are eventually overtaken by the later ejections that are farther from the sky plane, closer to the observer, and traveling with a correspondingly higher angular speed. In the western view, the nearly head-on ejections move rapidly across the field and are followed much later by ejections that are closer to the sky plane. density was low.) In each case, less inclined tracks followed on subsequent days. The time axis of the HI2A map is shifted so that the two groups of converging tracks are visible. The point of the figure is that the eastern tracks form converging patterns associated with the recurrent high-speed streams and that the western tracks form diverging patterns. These patterns were visible during the previous rotation in August and the following rotation in October, and are characteristic of all HI2 motions ahead of high-speed solar wind streams.
In our previous paper (Sheeley et al. 2008) , we showed that elongation/time tracks through the HI1 and HI2 fields of view can be understood in terms of a radial flow outward from the Sun at a constant speed. The idea is that the acceleration occurs close to the Sun (5-15
) and is essentially finished by the R , time that the material reaches the HI1 and HI2 fields of view. With this assumption, we obtained the relation
where a is the solar elongation angle, d is the angular location of the ejection out of the observer's sky plane, and of a), and a is the Sun-observer distance. Also, t is the time of observation, subject to the condition that for each t ≥ t 0 trajectory. Now, we go a step further and suppose that the ejections all occur from the same point on the rotating Sun. For simplicity, we suppose that this point lies in the ecliptic. (However, when we deduce the location from the observed tracks, we do not make this simplifying assumption, and we also include the effect of the tilt angle of the Sun's axis from the normal to Figure 4 shows the result for values of d ranging from 0Њ to 75Њ in the eastern hemisphere and then from 75Њ back to 0Њ again in the western hemisphere. The five eastern tracks cluster together in a converging pattern like the observed tracks in the top panel of Figure 3 . Likewise, the five western tracks spread apart like the patterns of diverging tracks in the middle panel of Figure 3 . This similarity supports our interpretation of the observed patterns in terms of ejections from a given longitude on the rotating Sun. Figure 5 shows a polar view of these results. As described in the caption, the eastern view from the observer at O shows nearby features overrunning more distant ones along the line of sight. The western view shows nearby features running away from more distant ones.
Again, we have the Doppler-like relation discussed in relation to Figures 2 and 3 . In the eastern hemisphere, the more recently ejected material lies close to the observer and appears to sweep past material that was ejected previously at longitudes closer to the east limb. In the western hemisphere, the recently ejected material lies close to the observer and appears to run away from material ejected later at longitudes closer to the west limb. This supports the idea that the HI2 ejections are segments of the "garden-hose" spiral formed when material is ejected from a fixed point on the rotating Sun.
Finally, in Figure 6 , we summarize the locations of the coronal holes and associated coronal streamers in longitude/latitude maps of Fe XV 28.4 nm intensity (top) and white-light coronal intensity (bottom), respectively, during Carrington rotation 2061. The Fe XV map was constructed from images obtained with the Extreme ultraviolet Imaging Telescope (EIT) on SOHO, and the white-light map was constructed from eastlimb data obtained with the C2 Large Angle and Spectrometric Coronagraph (LASCO) on SOHO. The arrows indicate the ejec- , and the regions where the HI2 material originated R , (arrows) for the two patterns in Fig. 3. tion longitudes for the two events in Figure 3 , obtained by fitting the observed elongation/time tracks with equations (1) and (2). The right arrow occurs at the bend of the streamer just before a negative-polarity coronal hole at the leading edge of the active region. The left arrow occurs at a second bend of the streamer just before a positive-polarity coronal hole at the trailing end of the active region. This coronal hole forms an extension of the south polar coronal hole.
SUMMARY AND DISCUSSION
We have found that the elongation/time tracks of material moving through the HI2 fields of view are grouped into characteristic patterns when they are associated with the high-speed stream from a coronal hole. In the eastern view from HI2A, the tracks converge, whereas in the western view from HI2B, they diverge.
This behavior is consistent with a sequence of ejections from a fixed point on the rotating Sun and provides an interpretation of the motions seen in the HI2A and HI2B images. As a coronal hole is carried around the east limb by solar rotation, a group of ejecta appears in the HI2A field of view. The ejecta do not originate in the coronal hole itself but seem to be blobs of material that are shed from the north-south segment of the streamer in front of it (Sheeley et al. 1997; Wang et al. 1998) . The leading elements of the group originate close to the east limb, and they are gradually overtaken by newer elements that originate at midlongitudes. Because these newer elements lie farther out of the sky plane, they never come in contact with the older ones, and leave them behind to eventually fade away. These newer elements themselves are then overtaken by even newer elements that originate closer to the central meridian.
As they pass near the spacecraft, the most recent ejections have large angular sizes, high angular speeds, and appear as large waves sweeping across the field. Presumably, the large apparent sizes and high apparent speeds are a consequence of the close approach; the true sizes and speeds must be comparable to those of the elements that were ejected closer to the sky plane.
The opposite effect occurs when the solar wind stream swings past the central meridian and moves into the HI2B field of view. The first element of this western group originates near the central meridian and appears as a large wave, rapidly running away from the other elements of the group. One by one, each of the remaining elements takes its turn running away from the others. In contrast to the congestive motions that we observed in the eastern field of view, we are seeing dispersive motions in this western field. This congestive/dispersive effect is what one expects for individual droplets of a garden-hose spiral and suggests that we are observing segments of a spiral that is generated by the ejection of material from a fixed longitude on the rotating Sun.
During this initial phase of the STEREO mission, the A and B spacecraft were still located close to Earth, so that the Earthdirected density compressions appeared as large waves sweeping rapidly through the respective fields of view. However, in 1.3 years, these spacecraft will have moved 45Њ from Earth. If high-speed streams are still present, we would expect the elongation/time tracks to show the associated convergence patterns in the east and divergence patterns in the west. But the Earthdirected motions will no longer be the waves that appear large and sweep rapidly across the fields of view. Instead, the Earthdirected motions will have the relatively smaller apparent sizes and angular speeds that are characteristic of material ejected closer to the observer's sky plane.
The coronal hole behind each shedding streamer must be responsible for organizing the tracks into converging and diverging patterns. Without the coronal hole (and its magnetic field), the streamer belt would be flat. Blobs would still be ejected, but from random longitudes, so that their tracks would form an uncorrelated mishmash, like those that are obtained closer to the Sun with the LASCO C2 and C3 images and the SECCHI COR2 and HI1 images. Also, by compressing the blobs into higher densities, the fast wind from the hole may make them more visible in the HI2 fields of view. This suggests that the running difference images are not showing the entire garden-hose spiral, but only the segments that are made visible as blobs of streamer material are compressed by the high-speed streams.
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